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Abstract 

Purpose To compare the diagnostic accuracy 
of the Heidelberg Retina Tomograph's (HRT) 
Moorfields regression analysis (MRA) and 
glaucoma probability score (GPS) with that of 
subjective grading of optic disc photographs 
performed by ophthalmologists with varying 
experience of glaucoma and by ophthalmology 
residents. 

Methods Digitized disc photographs and 
HRT images from 97 glaucoma patients with 
visual field defects and 138 healthy 
individuals were classified as either within 
normal limits (WNL), borderline (BL), or 
outside normal limits (ONL). Sensitivity and 
specificity were compared for MRA, GPS, and 
the physicians. Analyses were also made 
according to disc size and for advanced visual 
field loss. 

Results Forty-five physicians participated. 
When BL results were regarded as normal, 
sensitivity was significantly higher (P<5%) 
for both MRA and GPS compared with the 
average physician, 87%, 79%, and 62%, 
respectively. Specificity ranged from 86% for 
MRA to 97% for general ophthalmologists, but 
the differences were not significant. In eyes 
with small discs, sensitivity was 75% for MRA, 
60% for the average doctor, and 25% for GPS; 
in eyes with large discs, sensitivity was 100% 
for both GPS and MRA, but only 68% for 
physicians. 

Conclusion Our results suggest that 
sensitivity of MRA is superior to that of the 
average physician, but not that of glaucoma 
experts. MRA correctly classified all eyes with 
advanced glaucoma and showed the best 
sensitivity in eyes with small optic discs. 
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Introduction 

Assessment of the optic disc is included in the 
standard examination of patients with ocular 
hypertension or suspected or manifest 
glaucoma. Such evaluation is performed not 
only by glaucoma experts, but also by general 
ophthalmologists, ophthalmology residents, 
and ophthalmologists with special skills in areas 
other than glaucoma. Most studies of the 
diagnostic accuracy of subjective assessment of 
disc photographs have compared the abilities of 
glaucoma experts in that context'"^ and the 
results obtained have shown that even very 
experienced observers can find it difficult to 
discriminate between healthy and 
glaucomatous discs. 

Various computerized quantitative imaging 
techniques have been developed to help doctors 
identify structural glaucomatous damage. 
Confocal scanning laser tomography using the 
Heidelberg Retina Tomograph (HRT; 
Heidelberg Engineering, GmbH, Heidelberg, 
Germany) was introduced in the beginning of 
the 1990s and has been further developed since 
then. Several investigators have examined the 
diagnostic performance of the HRT in 
comparison with subjective assessment, but 
their results have differed somewhat. In short. 
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some studies have shown similar performance of the 
HRT and subjective assessors,^'"* whereas others have 
indicated that either HRT classification^** or subjective 
assessment'-^ is superior. Thus, it is not entirely clear to 
what extent HRT measurements can replace subjective 
assessment in glaucoma practice. 

The latest version of the Heidelberg instrument, HRT3, 
includes classification by both Moorfields regression 
analysis (MRA)"' and the glaucoma probability score 
(GPS).'' The results of research comparing MRA and 
QPg7,i2-24 some extent conflicting, particularly 

regarding sensitivity. Of all published studies, about 30% 
showed significantly or only slightly better sensitivity 
with MRA, around 50% indicated better sensitivity with 
GPS, and the remaining 20% demonstrated similar 
sensitivity for both methods. Considering specificity, a 
majority of the investigators showed that MRA was 
superior to GPS. 

Thus, a number of studies have evaluated the 
diagnostic performance of the HRT, and some have 
compared HRT examination with subjective assessment 
of disc photographs conducted by glaucoma experts or 
clinicians with special interest in glaucoma, whereas few 
have compared the HRT with non-experts. In an 
investigation by Reus et al* the diagnostic results 
obtained by a limited number of graders with varying 
experience of glaucoma were compared with the 
corresponding results acquired using several other 
techniques, among them MRA. They found that the 
performance of MRA was similar to that of specialists 
and general ophthalmologists, but better than that of 
ophthalmology residents. 

The purpose of the current study was to compare the 
diagnostic accuracy of HRT, GPS and MRA with that of 
assessment conducted by physicians with different 
experience of glaucoma. 

Subjects and methods 

Ophthalmologists and residents in ophthalmology were 
asked to grade disc photographs. Those who agreed to 
participate were asked to report their level of clinical 
experience by classifying themselves as glaucoma expert, 
general ophthalmologist, other subspecialist or 
ophthalmology resident, and they were subsequently 
divided into subgroups accordingly. 

The research followed the tenets of the Declaration of 
Helsinki and was approved by the Regional Ethical 
Review Board in Lund Sweden, vetting the ethics of 
research involving humans. 

Subjects 

All disc photographs and HRT images were retrieved 
from an existing database of healthy and glaucoma 



subjects. The database has been described in detail 
elsewhere,^^ and is here only briefly described. 

The glaucoma subjects were patients managed at the 
Department of Ophthalmology, Malmo University 
Hospital, Malmo, Sweden. All had a confirmed diagnosis 
of glaucoma with reproducible glaucomatous visual field 
defects with standard automated perimetry conducted 
using the 30-2 full threshold program of the Humphrey 
Field Analyzer (Carl Zeiss Meditec, Dublin, CA, USA). 
Patients had at least two consecutive visual field 
examinations classified as outside normal limits (ONL) 
by the glaucoma hemifield test with depressed points 
appearing in the same area of the visual field.^'' 
Glaucoma hemifield test has been validated as a reliable 
diagnostic visual field interpretation tool.^^'^** Ninety-six 
glaucoma subjects met the definition of glaucoma by 
analysis of cluster with depressed visual field points as 
described by Katz et aW and Anderson and Patella,^^ 
there was only one subject with paracentral visual defect 
who did not meet this criteria. Photographs with obvious 
artifacts (eg, prominent reflections or the shutter half way 
down) were excluded. One eye per patient was selected. 
In patients with both eyes eligible (ie, with a diagnosis of 
glaucoma with reproducible visual field defects), the eye 
deemed best by the perimetric mean deviation (MD) 
value was selected. A total of 97 disc photographs and 
HRT images from 97 glaucoma patients were included. 
The mean age of the patients was 71 years (range 49-87 
years). The average MD was — 7.2dB, 
(range -23.21 to 2.14 dB). 

Healthy subjects were randomly selected among 
presumably healthy persons living in Malmo, Sweden.^" 
They all underwent a thorough ophthalmic examination 
including HRT imaging and disc photography. Inclusion 
and exclusion criteria were as follows: corrected visual 
acuity better than 0.8, intraocular pressure below 
20 mm Hg, no history of serious eye trauma or eye 
surgery except uncomplicated cataract surgery, and no 
previous or current serious eye disease or neurological 
disease. As for the glaucoma subjects, all photographs 
with suboptimal quality or obvious artifacts were 
excluded. For the purpose of this study, healthy subjects 
younger than 50 years of age at the time of the data 
collection were excluded in order to better match the age 
of the glaucoma patients. Photographs and images from 
138 healthy subjects were included. The mean age of the 
healthy subjects was 66 years (range 51-79 years). 

Photographs 

All disc photographs had been taken by the same 
experienced technician, using a Carl Zeiss fundus camera 
(Model 60306, Oberkochen, West Germany) with 
standard settings (aperture 5.5, flash strength 
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120-240 Ws) and Kodachrome 64 slide film (Eastman 
Kodak Company, Rochester, NY, USA). The photographs 
were digitized using Nikon Super Coolscan 4000 ED 
diapositive scanner (Nikon Corporation, Tokyo, Japan) 
with the highest resolution of 4000 Dots Per Inch (dpi). 
Thereafter, the size was changed to a resolution of 
1400 X 1024 pixels at 72 dpi and inserted in random order 
in a PowerPoint pps file (PowerPoint 2008 version 12.2.6, 
Microsoft Corp., Redmond, WA, USA), which was 
subsequently burned to a CD (CD Maxwell, 700 Mb). The 
CD was sent to the participating graders. 

Heidelberg Retina Tomograph 

HRT images (Heidelberg Engineering, software 1.11, 
standard reference plane) were obtained within ± 6 
months of the disc photographs, and they were all of 
good quality (pixel standard deviation <40/im).^' To be 
able to evaluate the HRT images by use of MRA and GPS, 
the HRT data were manually retrieved from archive discs 
and upgraded to the newer software (software 3.1, 
Heidelberg Engineering), and new topographies were 
calculated. All optic disc margins were outlined by one of 
the authors (SA) with the help of the disc photographs; 
this procedure has been reported to improve the 
definition of the margins.^^ The HRT images were then 
assessed by the MRA"' and GPS." 

A total of 235 HRT images and disc photographs were 
graded. The overall MRA and GPS results classify images 
into one of the three categories: within normal limits 
(WNL), borderline (BL), or ONL. In a similar manner, the 
physicians classified disc photographs as healthy, 
uncertain, or glaucomatous. 

Analyses 

Sensitivity and specificity of the classification performed 
by the physicians were calculated in two ways: by a more 
specific approach treating 'uncertain' as healthy and a 
more sensitive approach treating 'uncertain' as 
glaucomatous. The same approaches were applied to 
compute the sensitivity and specificity of MRA and GPS. 
Sensitivity and specificity were determined for the 
overall average physicians and for each subgroup. MRA 
and GPS results were compared with the average for all 
physicians and with the subgroup averages using the 
Marascuilo procedure for multiple proportions.^^ The 
overall level of significance was set to 0.05 and this was 
used for all calculations with the Marasculio procedure. 
Statistical comparisons of the subgroups were not done. 
Sensitivity and specificity were also calculated for eyes 
with different disc sizes according to HRT 
measurements^^ (ie, small <1.6mm^, medium 



1.6-2.5 mm^, or large >2.5mm^), but no comparisons 
were performed because of low statistical power 
Sensitivity was also calculated separately for eyes with 
advanced glaucoma, defined as an MD worse than 
— 18dB. The Marascuilo procedure was performed using 
Microsoft Excel for Macintosh (version 12.2.6, Microsoft 
Corp.), and descriptive statistics were derived using 
SPSS for Macintosh (version 16.0.0, SPSS Inc., Chicago, 
IL, USA). 

Results 

The grading of all disc photographs was completed by 45 
physicians, who reported themselves to be the following: 

10 glaucoma experts, 13 general ophthalmologists, 

11 other subspecialists, and 11 ophthalmology residents. 
Regarding their knowledge and skills related to 
glaucoma, almost half of the 45 physicians (44%) 
indicated that they were experienced, 80% of the experts 
considered themselves to be very experienced and 10 of 
the 11 residents felt they were less experienced. 

MRA was compatible with all optic discs from healthy 
individuals and glaucoma patients, and were thus able to 
classify all 235 images. GPS was compatible with all the 
glaucoma eyes, but eight healthy eyes were nevertheless 
incompatible with the GPS database, and thus not 
classified. Those eight were removed from the 
denominator in the specificity calculation for GPS. The 
same eight healthy discs were all correctly classified as 
'WNU by the MRA. The relative proportion of optic discs 
classified as BL was 13% with MRA and 17% with GPS. 
By comparison, the physicians classified an average of 
17% of the disc photographs as uncertain. 

When the more specific classification approach was 
used, both MRA and GPS showed significantly better 
sensitivity (P < 0.05) than the average physician, when 
the more sensitive approach was applied, only MRA 
yielded significantly better sensitivity (P<0.05; Table 1). 
None of the HRT methods yielded better sensitivity 
compared with the glaucoma experts. With the more 
sensitive approach specificity was slightly, but not 
significantly, better for the average physician as 
compared with the HRT methods (Table 1). 

The average optic disc size was larger in the glaucoma 
patients than in the healthy subjects: 2.25 and 1.96 mm^, 
respectively. Large discs were observed in 28% of the 
glaucoma patients and 6% of the healthy subjects, and 
the corresponding proportions of small discs were 8 and 
17%. GPS and MRA offered perfect sensitivity (100%) in 
eyes with large discs, as determined by both the more 
sensitive and the more specific approach. Using the more 
specific approach indicated sensitivities of 64 and 66% 
for assessments of eyes with large discs by the average 
physician and the experts, respectively. The specificity 
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Table 1 Sensitivity and specificity of the Heidelberg Retinal Tomograph (HRT) algorithms and subjective optic discs classification by 
physicians 





Borderline/uncertain analysed as healthy 


DUiUet llUcj UtlLct lULI 1 


UliUiybt^U lib ^lUULUlitU 


Sensitivity 


Specificity 


Sensitivity 


Specificity 


HRT Moorfields regression analysis 


onor a,b,c 
O/ /o 


OD /o 


94%» 


69% 


HRT Glaucoma probability score 




94%"* 


93% 


72%-* 


All physicians (n = 45) 


62% 


92% 


82% 


76% 


Mean (min-max) 


4-97 


63-100 


58-99 


32-99 


Glaucoma experts in = 10) 


72% 


90% 


88% 


75% 


Mean (min-max) 


45-97 


63-100 


70-99 


32-96 


General ophthalmologists (n = 13) 


59% 


97% 


83% 


80% 


Mean (min-max) 


24-87 


84-100 


59-97 


57-99 


Other subspecialists (n = 11) 


53% 


93% 


77% 


79% 


Mean (min-max) 


4-81 


79-100 


58-95 


58-99 


Residents (n = 11) 


66% 


87% 


81% 


71% 


Mean (min-max) 


35-86 


77-96 


58-96 


49-94 



"Significant difference {P<0.05) wfien compared with all physicians. 
^Significant difference (P<0.05) when compared with general ophthalmologists. 
''Significant difference (P<0.05) when compared with other subspecialists. 

•^Eight optic discs in healthy subjects were incompatible with the GPS database and were therefore excluded from the calculation of specificity. 



related to large discs was low 38% with MRA and 50% 
with GPS, even when the more specific approach was 
used. Considering eyes with small discs, the more 
sensitive approach showed better sensitivity for MRA 
than for GPS (88% and 50%, respectively), and somewhat 
better sensitivity for the glaucoma experts compared 
with the average physician (85% and 70%, respectively; 
Figure 1). 

Six percent of the glaucoma patients had advanced 
disease (defined as MD worse than — 18dB, cf. above), 
and MRA correctly classified 100% of the disc 
photographs from those as being ONL, even when the 
more specific approach was used. The corresponding 
proportions classified by GPS and the average physicians 
were 67% and 84%), respectively. For the glaucoma 
experts, the mean sensitivity was 93% in eyes with 
advanced disease. 

Discussion 

Overall, sensitivity was higher for both MRA and GPS 
compared with the average physician, but not all 
differences reached statistically significance (Table 1). 
Also, considering the subgroups of graders, there was a 
tendency towards the best sensitivity being achieved by 
the experts and the poorest by those designated other 
subspecialists (Table 1). Regarding specificity, we found 
that the physicians tended to be better than both the 
MRA and GPS, but only with the more sensitive 
approach, which could be expected since higher 
sensitivities generally are accompanied by lower 
specificity and the opposite. The general 
ophthalmologists tended to be better than the other 



subgroups, residents were often associated with the 
lowest specificity, and glaucoma experts were only 
slightly better than residents. The differences concerning 
specificity and sensitivity among the subgroups were not 
tested for significance because the number of graders 
was rather limited. 

When the more specific approach was applied, the 
specificity ranged from 86% with MRA to 94% with GPS; 
with the more sensitive approach, it ranged from 69% for 
MRA to 79% for other subspecialists (Table 1). Several 
studies have demonstrated better specificity with MRA 
than with Gps.i<'.i7,i9,23,24 observed a similar trend in 
our results, but the fact that GPS was unable to classify 
images from eight healthy subjects might have 
contributed to better specificity values for GPS. 

It has previously been reported that disc size affects 
the diagnostic accuracy of subjective assessment,^"* as 
well as MRA and particularly GPS classifications.^^'"-^*"^^ 
Disc size also proved to be an important factor 
influencing diagnostic accuracy in our study. The 
sensitivity of GPS was only 25% in patients with small 
discs when the specific approach was applied, and the 
value increased to 50% when the more sensitive 
approach was used. The corresponding figures for MRA 
were 75% and 88%, respectively, which are better than 
the values of 60 and 77% noted for the average doctor 
(Figure 1). Both GPS and MRA showed perfect sensitivity 
(100%) in classification of subjects with large discs, but 
they had unacceptably low specificity. 

It was interesting, but not surprising, to note that 
larger discs were more common in the glaucoma patients 
than in the healthy subjects (28% and 6%, respectively), 
whereas the opposite was true for small discs (8 and 
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« HRT MRA 

) HRT GPS* 
I All physicians 



1 -specificity 



OT-CMm^intDr^ 
d d d d d d d 

1 -specificity 



Figure 1 Sensitivity and false positives (1 -specificity) obtained with MRA, the GPS, and subjective classification by the average 
physician. The letters in the coloured circles represent disc size: 'L', large; 'M', medium; 'S', small, (a) Analysis using the more specific 
approach considering 'BL' as healthy, GPS had 100% sensitivity and low specificity in eyes with large discs, and low sensitivity but 
perfect specificity in eyes with small discs. For MRA, sensitivity was 100% in eye with large discs, and 75% in small discs; 
corresponding values for assessement by the average physician were 68% and 60%, respectively. In large discs, specificity was low for 
both MRA and GPS. (b) Using the more sensitive approach considering 'BU as glaucoma. GPS had high sensitivity in large discs, but 
only 50% in eyes with small discs. MRA had similar sensitivity in large discs, but better sensitivity in small discs, as compared with 
GPS. The average doctor reached 86% sensitivty in large and 777o in small discs. Specificity was low for both MRA (25%j) and GPS 
(38%)) in large discs. *Eight optic discs in healthy subjects were incompatible with the GPS database {four small and four medium sized 
discs) and were thus excluded from the calculation of specificity. 



17%). Optic disc appearance was not used as selection 
criterion of either healthy individuals or glaucoma 
subjects to avoid any bias affecting the subjective optic 
disc assessment. 

By MRA alone, 100% of the discs in eyes with 
advanced visual field defects were classified as being 
ONL. GPS correctly classified 67%, glaucoma experts 
93%, and all physicians 84%. The cutoff at MD worse 
than — 18dB for advanced glaucoma was arbitrary set 
with the purpose of analysing the diagnostic accuracy for 
those with more advanced glaucomatous damage, since 
it is a great disadvantage to misclassify these subjects 
regardless if assessment is made in a screening setting or 
a clinical environment. If instead using the criteria for 
advanced glaucoma as defined by Hodapp, that is, MD 
worse than — 12dB, MRA correctly classifies 84% as 
ONL, GPS 74%, glaucoma experts 83% and all physicians 
72%. Using a definition of MD worse than -15 dB for 
advanced glaucoma gives results of 80%, 60%, 82% and 
67%, respectively. Regardless of cutoff criterion chosen 
for MD, our results show that MRA classifies more 
glaucoma subjects correctly. Reddy et al^^ have previously 
found that MRA provided 89% sensitivity in eyes with 
advanced glaucomatous visual field loss, when eyes with MD 
values worse than — 15dB were included in the assessment. 

In a smaller study conducted by Reus et al* the 
diagnostic accuracy of MRA was compared with that of 
classification performed by subjective graders. Four 
graders in each of four categories (glaucoma experts. 



general ophthalmologists, ophthalmology residents, 
and optometrists) assessed disc photographs from 40 
healthy and 48 glaucoma subjects. The results showed 
that glaucoma specialists and general ophthalmologists 
performed just as well as MRA, and the residents were 
not as successful as the other grader subgroups. Our 
investigation was larger, including 235 eyes and slightly 
> 10 graders per subgroup, and we found that only 
glaucoma experts achieved sensitivities comparable to 
that of MRA. Thus, the performance of MRA in our study 
was impressive in many respects: it showed better 
sensitivity than most graders, except for glaucoma 
experts; it was at least as efficient as glaucoma experts in 
analysis of small discs; it was the only method that could 
classify all eyes with severe field defects as being ONL. 
Although none of the diagnostic methods we 
investigated was perfect, we conclude that HRT MRA 
can perform at least as well as the best clinicians. The fact 
that no eyes with advanced glaucoma were missed by 
MRA indicates an extra advantage of this method, which, 
for example, would be particularly beneficial in 
glaucoma population screening by use of an imaging 
device. However, on a less encouraging note, the 
diagnostic approaches we studied provided relatively 
poor specificities in eyes with large discs and poor 
sensitivities in eyes with small discs. The method of 
diagnosing glaucoma by imaging of the optic disc is 
usually, but not always, correct; and of course, this 
conclusion applies to other diagnostic techniques as well. 
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Summary 

What was known before 

• Results of research regarding optic disc classification for 
glaucoma with the Heidelberg Retina Tomograph (HRT), 
as compared with subjective assessment, are to some 
extent conflicting. Some have shown similar performance, 
some have presented that either HRT or subjective 
assessment is superior. Few studies have compared the 
latest HRT instrument, which includes Moorfields 
regression analysis (MRA) and glaucoma probability 
score (GPS), with subjective assessments. There is a lack of 
knowledge of how physicians with different experiences 
in glaucoma perform compared with MRA and GPS. 

What this study adds 

• We conclude that the sensitivity of MRA is superior to that 
of the average ophthalmologist, but not to the 
performance of glaucoma experts. MRA also correctly 
classified all eyes with advanced glaucoma, and was 
comparable to glaucoma experts in assessing small optic 
discs. GPS showed a disadvantage since some of the optic 
discs from healthy subjects were incompatible with the 
HRT database. 



Conflict of interest 

The authors declare no conflict of interest. 



Acknowledgements 

We are grateful to all the participating physicians for 
their interest and collaboration in this project. This study 
was supported by the Swedish Research Council grant 
K2005-74X-1 0426-1 3A, the Herman Jarnhardt 
Foundation, the Foundation for Visually Impaired in the 
Former Malmohus County, and Crown Princess 
Margareta's Foundation for the Visually Impaired. 



References 

1 Correnti AJ, WoUstein G, Price LL, Schuman JS. Comparison 
of optic nerve head assessment with a digital stereoscopic 
camera (discam), scanning laser ophthalmoscopy, and 
stereophotography Ophthalmology 2003; 110: 1499-1505. 

2 Deleon-Ortega JE, Arthur SN, McGwm Jr G, Xie A, Monheit 
BE, Girkin CA. Discrimination between glaucomatous and 
nonglaucomatous eyes using quantitative imaging devices 
and subjective optic nerve head assessment. Invest 
Ophthalmol Vis Sci 2006; 47: 3374-3380. 

3 Morgan JE, Sheen NJ, North RV, Goyal R, Morgan S, Ansari E 
et al. Discrimination of glaucomatous optic neuropathy by 
digital stereoscopic analysis. Ophthalmology 2005; 112: 855-862. 

4 Reus NJ, de Graaf M, Lemij HG. Accuracy of GDx VCC, 
HRT I, and chnical assessment of stereoscopic optic nerve 



head photographs for diagnosing glaucoma. Br ] Ophthalmol 
2007; 91: 313-318. 

5 WoUstein G, Garway-Heath DF, Fontana L, Hitchings RA. 
Identifying early glaucomatous changes. Comparison 
between expert cUnical assessment of optic disc 
photographs and confocal scanning ophthalmoscopy. 
Ophthalmology 2000; 107: 2272-2277. 

6 Badala F, Nouri-Mahdavi K, Raoof DA, Leeprechanon N, 
Law SK, Caprioli J. Optic disk and nerve fiber layer imaging 
to detect glaucoma. Am J Ophthalmol 2007; 144: 724-732. 

7 Pablo LE, Ferreras A, Fogagnolo P, Figus M, Pajarin AB. 
Optic nerve head changes in early glaucoma: a comparison 
between stereophotography and Heidelberg retina 
tomography Eye (London) 2010; 24: 123-130. 

8 Reus NJ, Lemij HG, Garway-Heath DF, Airaksinen PJ, 
Anton A, Bron AM et al. Clinical assessment of stereoscopic 
optic disc photographs for glaucoma: the European Optic 
Disc Assessment Trial. Ophthalmology 2010; 117: 717-723. 

9 Ohkubo S, Takeda H, Higashide T, Sasaki T, Sugiyama K. A 
pilot study to detect glaucoma with confocal scanning laser 
ophthalmoscopy compared with nonmydriatic stereoscopic 
photography in a community health screening. / Glaucoma 
2007; 16: 531-538. 

10 WoUstein G, Garway-Heath DF, Hitchings RA. 
Identification of early glaucoma cases with the scanning 
laser ophthalmoscope. Ophthalmology 1998; 105: 1557-1563. 

11 Swindale NY, Stjepanovic G, Chin A, Mikelberg FS. 
Automated analysis of normal and glaucomatous optic 
nerve head topography images. Invest Ophthalmol Vis Sci 
2000; 41: 1730-1742. 

12 De Leon-Ortega JE, Sakata LM, Monheit BE, McGwin Jr G, 
Arthur SN, Girkin CA. Comparison of diagnostic accuracy 
of Heidelberg Retina Tomograph II and Heidelberg Retina 
Tomograph 3 to discriminate glaucomatous and 
nonglaucomatous eyes. Am ] Ophthalmol 2007; 144: 
525-532. 

13 Reddy S, Xing D, Arthur SN, Harizman N, Dorairaj S, Ritch 
R et al. HRT III glaucoma probability score and Moorfields 
regression across the glaucoma spectrum. / Glaucoma 2009; 
18: 368-372. 

14 Ferreras A, Pajarin AB, Polo V, Larrosa JM, Pablo LE, 
Honrubia FM. Diagnostic ability of Heidelberg Retina 
Tomograph 3 classifications: glaucoma probability score 
versus Moorfields regression analysis. Ophthalmology 2007; 
114: 1981-1987. 

15 Ferreras A, Pablo LE, Pajarin AB, Larrosa JM, Polo V, 
Pueyo V. Diagnostic ability of the Heidelberg Retina 
Tomograph 3 for glaucoma. Am ] Ophthalmol 2008; 145: 354-359. 

16 Moreno-Montanes J, Anton A, Garcia N, Mendiluce L, 
Ayala E, Sebastian A. Glaucoma probability score vs 
Moorfields classification in normal, ocular hypertensive, 
and glaucomatous eyes. Am ] Ophthalmol 2008; 145: 360-368. 

17 Zangwill LM, Jain S, Racette L, Ernstrom KB, Bowd C, 
Medeiros FA et al. The effect of disc size and severity of 
disease on the diagnostic accuracy of the Heidelberg Retina 
Tomograph Glaucoma Probability Score. Invest Ophthalmol 
Vis Sci 2007; 48: 2653-2660. 

18 Saito H, Tsutsumi T, Araie M, Tomidokoro A, Iwase A. 
Sensitivity and specificity of the Heidelberg Retina 
Tomograph II Version 3.0 in a population-based study: the 
Tajimi Study Ophthalmology 2009; 116: 1854-1861. 

19 Oddone F, Centofanti M, Rossetti L, lester M, Fogagnolo P, 
Capris E et al. Exploring the Heidelberg Retinal Tomograph 
3 diagnostic accuracy across disc sizes and glaucoma stages: 



Eye 



Optic disc classification 

S Andersson et al 



1407 



a multicenter study. Ophthalmology 2008; 115: 1358-1365, 
el351-1353. 

20 Harizman N, Zelefsky JR, Ilitchev E, Tello C, Ritch R, 
Liebmann JM. Detection of glaucoma using operator- 
dependent versus operator-independent classification in 
the Heidelberg retinal tomograph-III. Br ] Ophthalmol 2006; 
90: 1390-1392. 

21 Yip LW, Mikelberg FS. A comparison of the glaucoma 
probability score to earlier Heidelberg retina tomograph 
data analysis tools in classifying normal and glaucoma 
patients. / Glaucoma 2008; 17: 513-516. 

22 Coops A, Henson DB, Kwartz AJ, Artes PH. Automated 
analysis of Heidelberg retina tomograph optic disc images 
by glaucoma probability score. Invest Ophthalmol Vis Sci 
2006; 47: 5348-5355. 

23 Saito H, Tomidokoro A, Yanagisawa M, Iwase A, Araie M. 
Sensitivity and specificity with the glaucoma probability 
score in Heidelberg Retina Tomograph II in Japanese eyes. 
/ Glaucoma 2009; 18: 227-232. 

24 Bozkurt B, Irkec M, Arslan U. Diagnostic accuracy of 
Heidelberg Retina Tomograph 111 classifications in a Turkish 
primary open-angle glaucoma population. Acta Ophthalmol 
2010; 88: 125-130. 

25 Gundersen KG, Heijl A, Bengtsson B. Optic nerve head 
sector analysis recognizes glaucoma most effectively around 
disc poles. Acta Ophthalmol Scand 1999; 77: 13-18. 

26 Asman P, Heijl A. Glaucoma Hemifield Test. Automated 
visual field evaluation. Arch Ophthalmol 1992; 110: 812-819. 

27 Katz J, Sommer A, Gaasterland DE, Anderson DR. 
Comparison of analytic algorithms for detecting glaucomatous 
visual field loss. Arch Ophthalmol 1991; 109: 1684-1689. 



28 Susanna Jr R, Nicolela MT, Soriano DS, Carvalho C. 
Automated perimetry: a study of the glaucoma hemifield 
test for the detection of early glaucomatous visual field loss. 
/ Glaucoma 1994; 3: 12-16. 

29 Anderson DR, Patella VM. Automated Static Perimetry, 2nd 
ed. Mosby Inc.: St Louis, MO, USA, 1999. 

30 Gundersen KG, Heijl A, Bengtsson B. Age, gender, lOP, 
refraction and optic disc topography in normal eyes. A 
cross-sectional study using raster and scanning laser 
tomography Acta Ophthalmol Scand 1998; 76: 170-175. 

31 Glaucoma Module. Heidelberg Retina Tomograph (HRT II and 
HRT 3), Operating Instructions, Software Version 3.0. Vol 
3.02-E03. Heidelberg Engineering GmbH: Heidelberg, 
Germany, 2006. 

32 Tester M, Mikelberg FS, Courtright P, Burk RO, Caprioli J, 
Jonas JB et al. Interobserver variability of optic disk 
variables measured by confocal scanning laser tomography. 
Am } Ophthalmol 2001; 132: 57-62. 

33 Marascuilo LA. Large-sample multiple comparisons. 
Psychol Bidl 1966; 65: 280-290. 

34 Heijl A, Molder H. Optic disc diameter influences the ability 
to detect glaucomatous disc damage. Acta Ophthalmol 
(Copenh) 1993; 71: 122-129. 



© 



This work is licensed under the Creative 
Commons Attribution-NonCommercial-No 
Derivative Works 3.0 Unported License. To view a copy 
of this license, visit http://creativecommons.org/licenses/ 
by-nc-nd/3.0/ 



Eye 



